Abstract. Age determinations using the SrS7-RbS7, Ar4ø-K4ø, and Pb-U methods were made on samples of muscovite, biotite, amphibole, microcline, and zircon from igneous and meta- 
INTRODUCTION
The purpose of this study is to attempt to use mineral ages to correlate igneous and metamorphic rocks' of Precambrian age in Texas.
Precambrian show iron oxide stains and a pale green discoloration even in a fresh quarry face. We infer this alteration to be a deuteric effect. A sample of this phase, TH-1, was taken from the interior of a boulder of about 120-cm diameter (see Figure 2 ). Samples of a third phase, a granophyric biotite-hornblende granite, TH-5, were collected in Fusselman Canyon. This rock has a spotted appearance produced by the isolation of dark gray microcline crystals by an interstitial white micrographic intergrowth. This rock also shows distinct iron oxide stains on the freshest material.
A sample of feldspar, TH-6, was taken from a microcline-perthite-quartz pegmatite which was seen to cut the granophyric granite. This dike has a thickness of about a meter. No. fresh mica was found in this pegmatite.
In addition to these materials a sample of a friable tourmaline-biotite-plagioclase schist, Table 2 ; the ages for the zircons', in Table 3 . An estimated maximum error is given for each of the ages. This estimate is based solely on the analytical data without considering possible errors in the decay constants. A more detailed discussion of errors is presented in the appendix under analytical procedures.
The biotite and microcline separated from granite TH-1 gave the following results' the strontium age of the biotite is considerably less than the argon age, and both are less than the strontium age of the coexisting microcline. The 6 per cent difference between the feldspar and the biotite is well beyond analytical error. This age pattern is rather typical of almost all the data. A biotite separated from the friable schist TH-2 gave discordant ages, the argo.n age being considerably less than that obtained on the biotite from TH-1. In both cases it was apparent in the field that the rocks were not 'fresh.' Nonetheless no characteristics were observed in thin sections of the rocks, or in the grain mounts of the separated minerals, which might indicate that the biotite was unsuitable for age determination.
Samples of hornblende and microcline were separated from the granophyric granite TH-5 and a microcline from a crosscutting pegmatite TH-6. Strontium ages were determined on the feldspars, and an argon age was determined on hornblende [Hart, 1961] .
The younger pegmatite gives a strontium age of 1087 m.y., which is greater than the results on the other feldspars. The difference between the feldspars from TH-6 and TH-5 is well outside of experimental error. The difference be- Table 3 , and the parent daughter ratios are plotted in Figure 3 in a concordia diagram [Wetherill, 1956] . A straight line drawn through these points intersects the concordia curve at about 1200 m.y. It has been shown by Silver and Deutsch [1961] that discordant U-Pb systems in cogenetic zircons may generate linear patterns on a concordia diagram. [Masson, 1956] were not collected. A 2.5-cm cube of rhyolite, TV-13, was crushed to pass 80 mesh, and a split was taken for whole-rock strontium analysis. Another strontium age was determined on a sample of microcline separated from another specimen. The results, given in Table 4 , are in good agree- Table  3 Samples of metarhyolite TV-12-c and an amphibolite schist TV-12-b were collected from the northwestern part of the area, where the rhyolite shows profound evidence of cataclasis and has a strong planar structure and linearion. The schist. is only locally present and presumably is a metaigneous rock. A 2.5-cm cube of the metarhyolite was crushed to. pass 80 mesh, and a fraction was taken for a total-rock strontium age determination. A biotite separate was obtained from the schist. The results, given in Table 5 , indicate an age in the neighborhood of •070 m.y.
In addition to these materials, samples of a fine-grained hornblende-biotite-garnet schist TV10a and a hornblende-epidote schist TV-10b were collected from the southern part of the area, farther from the locus of the overthrust. TV-10b occurs in a small dike-like body about 13 cm thick. Biotite was extracted from TV-10a, and hornblende from TV-10b. The results shown in Table 5 indicate an argon age of 900 m.y. for Figure 5 . A sample (TV-1) of the biotitie muscovitealbite-oligoclase schist was collected. This rock is quite friable, presumably because of the high mica content. Mineral separates of muscovite, biotite, and zircon were made, and in addition a total-rock sample was obtained from a 4-cm cube. Argon and strontium ages were determined on the mineral separates, and a strontium age was determined on the total-rock sample. The zircons are variable in form and color and show markedly irregular forms due to corrosion. The general suite has the appearance of detrital origin modified by reaction in the metamorphic environment.
Hornblende samples were obtained from two amphibolites, TV-2 and TV-6. These samples are of very high purity, aad the argon ages are unaffected by any biotite or K-feldspar impuffties.
A sample of a coarse-grained biotite schist TV-5 was collected, and the biotite separate was analyzed. The results of these analyses (TV-1, TV-2, TV-5, TV-6) on the metamorphic rocks are presented in Table 6 . Except for the TV-1 biotite sample, all the ages are in excellent agreement, the spread being just larger than the analytical error. The TV-1 biotite has a rather low argon age and a distinctly low strontium age.
The maximum age obtained on these metamorphic rocks was 1030 m.y. by the strontiumrubidium method on a muscovite from TV-1.
The total rock age on TV-1 was somewhat low compared with the muscovite result. The zircon concentrate yielded a very discordant set of ages (see Table 3 ing mica agrees with the strontium ages of the feldspars but is significantly less than the st. rontium age of the mica. The feldspar ages and the muscovite strontium age agree just within experimental error. The agreement of the two feldspar ages indicates that there is no significant fractionation of parent or daughter on the scale of the sampling. Muscovite (TV-4) was obtained from crystals of 2-cm diameter from a graphic granite phase of a pegmatite. TV-118 was collected during previous field work by Flawn. The argon age was first determined, and since it gave a result significantly higher than previous samples the strontium age was also. measured. It also yielded a high value of 1090 m.y., which is not different from that obtained on the other pegmatitic muscovites.
In one locality (TV-252) pegma.titic biotite crystals were found. They have a diameter of For this purpose cores of granite were obtained from Pecos, Schleicher, Williamson, and Coleman counties. Their petrography has been described by Flawn [1956] . The well locations and data are given in Figure 6 and Table 7 .
Enough of the Pecos County core was available t.o permit a zircon analysis. However, feldspar separates made from this sample had unfavorable Rb-Sr ratios, and so no other analyses were possible. The Pb Table 7 . The best age estimate for each locality is given. Through the generous cooperation of Manuel Bass one sample of cuttings from a well which penetrated granophyric granite was obtained from south central Tennessee (see Figure 9) . A strontium age determination on a feldspar separate gave a result of 1120 m.y. (see Table 7 ). This result is in agreement with an earlier independent determination by Bass (personal communication).
There is a scarcity of basement cores containing minerals suitable for dating in tile intervening region. The availability of such cores in the future will be of great value in clarifying this matter.
The widespread occurrence of the 'Grenville' event (about 1000 to 1100 by Sr-Rb) in north- Figure 9 , together with some data indicating older terranes, to delineate the boundary of the Grenville event. These do not represent complete coverage of the older rocks, and none of the Phanerozoic orogenies are represented. The available data suggest that the Grenville orogenic event is the most widespread and pervasive episode of Precambrian orogeny and magmatic activity on the North American continent for which recognizable evidence is pre- This is illustrated in Figure 10 If the decay constant is significanfiy decreased below the value used here, the strontium and lead ages reported in this paper will be brought closer to concordance. This would in turn imply a lower argon retentivity in the micas. Such a change is not suggested by our evaluation of present counting results. If the decay constant is increased by as much as 6 per cent [Flynn and Glendenin, 1959] , the age measurements would indicate that radiogenic strontium is preferentially lost in both feldspars and micas in comparison with argon in micas.
Although zircons very commonly display discordant ages, they are also more likely to preserve evidence of their original age during some metamorphic processes because of the peculiarities of the two uranium decay schemes. It is therefore possible that the difference in ages reported by the strontium and argon methods and by the zircon lead-uranium method is due to the fact that the zircons form partially closed systems under higher temperature (or meta? morphic) conditions than the feldspars, micas, and hornblendes. Thus, for example, in deepseated rocks the zircons could possibly begin registering time before other minerals during a cooling period. This could possibly account for the observations. There is some difiqculty in applying this argument The available data do not permit any conclusions about the cause of this discrepancy between the methods. It must be resolved by future studies.
P•EGIONAL GEOLOGICAL IMPLICATIONS
The relationship of the measured ages to the basement provinces of Flawn [1956] is complicated. Flawn's fundamental basement element is the Texas craton, which was defined both on a lithologic basis as consisting largely of granitic plutonic rocks and structurally on the basis of its apparent behavior as a stable element after the extensive granitic intrustion [Flawn, 1956, The outcrop and well core data for all the samples studied indicate some relationships different from those based on the regional lithologic-structural interpretation of the basement as presented by Flawn [1956] . It is evident that a classification based solely on lithologic and structural criteria in the absence of a reliable stratigraphy may yield equivocal results in interpreting geologic history. Flawn emphasized this earlier and pointed out that, in the absence of age data, many of the time-tectoni(' conclusions are decidedly tentative and conjectural. Several difficulties are inherent in such an approach. One is the fact that most rock types occur throughout the geologic column, and, consequently, a lithologic type is not necessarily a time type. This includes much finer correlations such as those based o.n accessory minerals and mode of occurrence, which sometimes appear to be more exclusive criteria.
Perhaps the greatest difficulty with all our studies is that a fundamental understanding of orogenic processes and driving forces is very incomplete, and our ability to make consequential predictions in this field is singularly lacking. We in no way imply that age measurements will provide the critical answers, but in favorable circumstances they may permit a clearer interpretation of simultaneity (of crystallization) and possibly add mo.re knowledge to the morphology o.f orogenesis, so that some more fundamental insight may provide a basis for understanding.
APPENDIX

Analytical Procedures
The analytical procedures were essentially those reported in previous papers. Argon was extracted from the minerals by fusion in molybdenum crucibles with a radio-frequency heater. All the samples were heated to a temperature of 1400øC, producing a fluid melt. One sample of biotite was heated to produce a sintered mat, and a split of the same material was heated to 1400øC. The a'•'gon yields were the same. The gases produced during heating were frozen out continuously on charcoal at liquid nitrogen temperature. After the fusion was completed, the charcoal traps were warmed and the sample was.mixed with Ar • tracer which had been introduced previously. The gases were then purified over hot CuO and passed through a cold trap into a titanium furnace. After purification the argon residue was transferred to the mass spectrometer using a charcoal sample tube. The samples were run on a 60 ø sector mass spectrometer with a 6-inch radius of curvature. This instrument has two collectors, one of which is a normal Faraday cup and the other an electron multiplier. Ar'ø/Ar • data were taken on the simple collector, Ar•6/AF 8 data on the multiplier.
Discrimination was monitored by running normal argon samples. Samples TV-3M, TV-SBi, and TV-6Hbd were each run in duplicate for argon; the maximum difference observed was 2 per cent. The Ar • tracers were made by a pipetting technique following P. Hurley and J. 
